Reference price effects on consumer price perceptions are often explained by Helson's adaptation-level theory, in which the cognitive representation of reference price is the prototype of the relevant category. However, recent conceptualizations and empirical evidence suggest the possibility of an exemplar model, which may be specified using Volkmann's range theory or Parducci's range-frequency theory.
tion-level theory, which asserts that judgments are proportional to deviations from a comparison standard. This standard, or adaptation level, is context sensitive, as it is conceived as the mean of the stimuli presented within a contextual set (Helson 1964; Wedell 1995) . Following this view, the reference price that consumers use to evaluate a product is a weighted average of the prices from the relevant category (Monroe 1990) . The adaptation-level model of reference price comparison is consistent with a prototype representation of categories in which a single prototypical value is abstracted from category instances and is used to represent the category (Medin, Altom, and Murphy 1984) .
An alternative to a prototype representation of categories is provided by exemplar models, which posit that the category is represented by a distribution of its instances. In the psychological literature, exemplar models have consistently outperformed prototype models in empirical comparisons (Ashby and Maddox 1998) . Exemplar models assume that judgments are based on comparisons to specific category members rather than a comparison to summary information about a typical member (Medin et al. 1984 ). The exemplar model of categorization is consistent with a conceptualization of reference price as a range of prices or the latitude of acceptable prices rather than a single summary price (e.g., Janiszewski and Lichtenstein 1999; Kalyanaram and Little 1994; Lichtenstein and Bearden 1989; Monroe 1971) . However, with the exception of Janiszewski and Lichtenstein (1999) , the prototype model has typically been used to explain price evaluations in such experiments. In a series of four experiments, Janiszewski and Lichtenstein (1999) compared Volkmann's (1951) range theory to Helson's adaptation-level theory. Range theory may be classified as an exemplar model in which the cognitive representation is assumed to include only the highest and lowest values in the contextual set. In the main experiments, subjects were shown sets of prices that manipulated the range while holding the mean of the sets constant. Subjects were then asked to rate the attractiveness of the mean price. There were significant differences between the attractiveness ratings of the mean price in these skewed price sets. Range theory correctly predicted the direction of these differences. On the other hand, adaptation-level theory cannot account for differences in price judgments in sets with the same mean. Based on these data, analyzed in an ANOVA framework, Janiszewski and Lichtenstein concluded that range theory is more consistent with the data.
The experiments reported here extend the work of Janiszewski and Lichtenstein (1999) in a number of important ways. First, we attempt to overcome the limitations of testing contextual models using only the ANOVA framework. The contextual models make specific predictions of judgments given a particular contextual set. The ANOVA tests for differences in ratings across experimental conditions and not for differences between ratings and model predictions. Thus, the ANOVA may support a model that does not fit the data. In an attempt to overcome this limitation, data analyses include both the ANOVA and fits of specific models. Second, different models may fit the data better in different areas of the distribution. Rather than evaluate only the mean, we had participants evaluate several target stimuli spaced at different intervals along the range. Third, Janiszewski and Lichtenstein (1999) compared ratings in contextual sets in which the mean price was held constant and the range was varied. However, price judgments can be affected by frequency manipulations (Alba et al. 1994; Alba et al. 1999; Kalwani and Yim 1992) . Therefore, we also investigated the complementary condition, comparing ratings across contextual sets in which the range was held constant and the mean was varied. Finally, in addition to adaptation-level theory and range theory, we also test Parducci's (1965) range-frequency theory. Range-frequency theory is an exemplar model in which the cognitive representation is assumed to include all prices in the contextual set. Work in psychological judgment has typically found range-frequency theory to provide better fits to psychophysical data than either range theory or adaptation-level theory (Birnbaum 1974; Parducci and Perrett 1971) . Thus, we test the extent to which reference price effects could be predicted by rangefrequency theory.
In sum, the purpose of this research is to provide a better understanding of the nature of reference prices and of how reference prices are used by consumers to evaluate the focal brand price. Consistent with the view of methodological pluralism, we combined the use of the ANOVA and model fitting to provide a more rigorous analysis of the data. Theoretical predictions were tested in a series of three experiments. Experiment 1 extended the work of Janiszewski and Lichtenstein (1999) by addressing the limitations previously discussed. Experiment 2 tested whether a prototype model or an exemplar model better accounted for the data. Finally, experiment 3 tested the moderating effect of stimulus presentation on the relative applicability of the models.
CONCEPTUAL FRAMEWORK
The conceptual framework, shown in figure 1, is based on Anderson's (1981) information integration model. In the model, an overt rating, A ik , is measured in response to contextual stimuli. To evaluate brand price i, consumers utilize an appropriate evaluation context k (Herr 1989) . The set of n actual prices of the brand in context k are the set of prices to which the consumer has been exposed, denoted $ 1k , $ 2k , . . . , $ nk . The focal brand price, $ ik , is the price of the brand currently under consideration and is a member of the set of actual prices. Three functional relationships are specified in Anderson's (1981) information integration model: the valuation function, the integration function, and the response function. Each of the three functions is discussed in turn.
The Valuation Function
In information integration theory (Anderson 1981) , the relationship between the physical stimulus ($ ik ) and the subjective value of that stimulus (S ik ) is called the valuation function. Parducci does not define the specific valuation function within the range-frequency model. In contrast, Helson's (1964) adaptation-level theory includes the psychophysical function as part of the model. Specifically, adaptation-level theory is based on Fechner's law (1860) , in which the sensation scale is a logarithmic function of the stimulus values. However, requiring the valuation function to be logarithmic is overly constraining and likely to be false. For example, both Birnbaum (1974) , using numerical stimuli, and Wedell (1996) , with squares, provide convincing evidence that valuation is better conceived as a power function. Furthermore, this approach has often been taken in modeling the decreasing marginal value of monetary gains and losses (Kahneman and Tversky 1979) . Thus, a power function is used to fit the data. Its form is given as
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where r is the value of the power exponent. It should be noted that all models were fit in two ways: estimating r and constraining r as equal to one. Allowing r to be a free parameter improves the model fit somewhat. However, as the improvement is essentially the same for all models, there is no difference in the conclusions using either procedure.
The Integration Function
The relationship between the subjective values (S ik ) and subjective judgments (J ik ) is defined as the integration function (Anderson 1981 ). Helson's adaptation-level model, Parducci's range-frequency model, and Volkmann's range model primarily differ in the integration function they specify.
Adaptation-Level Theory. In adaptation-level theory (Helson 1947 (Helson , 1964 , stimulus values are judged within a frame of reference. Equation 2 shows one version of Helson's model (Helson 1964; Marks and Algom 1998; Wedell 1995) . This is a linear model, in which the constants a and b represent the intercept and slope, respectively. In this model, the adaptation level (S al, k ) is the arithmetic mean of all subjective values, and S ik is the subjective value of stimulus i in context k.
It should be noted that the adaptation level is often described as the geometric mean rather than the arithmetic mean (Helson 1964; Marks and Algom 1998) . This conceptualization is based on the idea that the value function is logarithmic, where the arithmetic mean of the subjective values (S ik 's) is equivalent to the geometric mean of the physical values ($ ik 's). To isolate the separate effects of the integration functions tested here, the fits of the adaptationlevel model are based on the arithmetic mean. As previously discussed, the valuation function employed is provided in equation 1.
Range Theory. Volkmann's (1951) range theory is based on a range principle of judgment in which the judged value is based on the proportion of the contextual range lying below the stimulus value. This range principle asserts that equal segments of the psychological judgment scale are assigned to equal segments of the contextual range. That is, the judgment of a target within a set of stimuli is linearly related to the end points that anchor the subjective range. Thus, the subjective judgment (J) of stimulus i in context k is given by the proportion shown in equation 3:
where S ik is the subjective value of stimulus i, S min, k is the minimum subjective value, and S max, k is the maximum subjective value in context k (Wedell, Parducci, and Lane 1990) . For example, if a stimulus lies three-fourths of the way toward the maximum stimulus, the range value of the stimulus is .75. Thus, in range theory the judgment of a stimulus is dependent only on its relationship to the minimum and maximum contextual values.
Range-Frequency Theory. Range-frequency theory (Parducci 1965 (Parducci , 1995 asserts that the judged value of a stimulus is determined by its location within the distribution of contextual stimuli that are brought to mind at the time of judgment. Two contextual principles determine the judged value of the stimulus on a single dimension. According to the "range principle," judgments reflect the location of the target stimulus relative to the most extreme values defining the relevant context. According to the "frequency principle," the location of the target stimulus is described by its rank within the contextual set of stimuli. As shown in equation 4, the subjective judgment (J) of stimulus i in context k is conceived as a compromise between the range and frequency principles:
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This subjective value is represented by a weighted average of the range (R) and frequency (F) values, where the weight-ing parameter, w, may approach its theoretical limits of zero and one. Note that when , equation 4 reduces to equaw p 1 tion 3. Thus, range theory is nested within range-frequency theory. Although a number of experimental conditions have been shown to affect w (Parducci and Marshall 1961; Parducci and Wedell 1986 ), a value closer to .5 is more typical, representing a roughly equal compromise between the range and frequency principles (Wedell et al. 1990 ).
The frequency principle has been shown to account for distributional effects, such as skewing (Parducci 1995) . The frequency principle asserts that equal segments of the psychological scale are assigned to the same number of cognitive representations in the contextual set. That is, the judgment of a target within a set of stimuli is proportional to the number of representations falling below the target stimulus. Thus, the frequency value of stimulus i in context k, F ik , is given by the proportion shown in equation 5:
where Rank ik is the rank of stimulus i in context k, one is the minimum rank, and N k is the total number of contextual stimuli (Wedell et al. 1990 ). In the special case in which in equation 4, range-frequency theory reduces to the w p 0 frequency principle. Because the contextual range is not included in equation 5, the frequency principle cannot explain effects resulting from the manipulation of the contextual range with ranks held constant.
The Response Function
Finally, the relationship between the subjective judgment (J ik ) and the overt rating (A ik ) is called the response function. As the range values (eq. 3) and the frequency values (eq. 5) are proportions, they are assigned a value between zero and one. Consequently, the subjective judgments (eq. 4) take on values between zero and one. Assuming a linear relationship between judgments and mean ratings, equation 6 can be used to transform subjective judgments into attractiveness ratings of stimulus i in context k, A ik , where A min is the lowest scale value and A n is the number of scale points (Parducci 1995; Wedell et al. 1990) . To evaluate the model fit, transformed judgments can be compared with category ratings. By holding the response function constant, we are better able to compare how predictions differ between the contextual models:
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Hypotheses
The primary purpose of experiments 1 and 2 is to test the competing models defined in equations 2, 3, and 4. As each theory assumes a different cognitive representation of reference price, three competing conceptualizations are offered:
H1 (ALT):
According to adaptation-level theory, consumers compare the target price against the mean of the contextual set of prices.
H1 (RT):
According to range theory, consumers compare the target price against the two prices that define the range in the contextual set.
H1 (RFT):
According to range-frequency theory, consumers compare the target price against all of the prices in the contextual set.
Given an exemplar representation of reference price, all prices may not be equally weighted. The weight given to prices in the reference price set is likely to be moderated by the processing environment. If consumers only use the prices available to them in the external environment, as with external reference prices, the price judgment is stimulus based. In contrast, if consumers must retrieve prices from memory, as with internal reference prices, the price judgment is memory based. Because extreme values are comparatively distinct, these values should be more salient than other stimuli in the context (Fiske and Taylor 1991) . As the end points are expected to be more easily retrieved from memory (Tversky and Kahneman 1973) , they are more likely to be used in a memory-based judgment task. In contrast, less salient intermediate values are less likely to be retrieved and used in a memory-based judgment task. As a result, consumers are expected to weigh intermediate prices more heavily when using external reference prices than when using internal reference prices. Thus, experiment 3 tests two related hypotheses: H2: Frequency effects will be larger for stimulus-based price judgments than for memory-based price judgments.
H3
: Range effects will be larger for memory-based price judgments than for stimulus-based price judgments.
EXPERIMENT 1
Experiment 1 contains two distinct tests of the three contextual theories. The first test extends the work of Janiszewski and Lichtenstein (1999) in the following ways: first, in addition to adaptation-level theory and range theory, we also test range-frequency theory. Second, in addition to an ANOVA, we use model fitting to test the contextual theories. Third, we study price perceptions for a product in an electronic shopping environment rather than studying grocery items with paper and pencil measures. Finally, by measuring attractiveness ratings of several prices in the contextual set, and not just the mean price, we evaluate the shape of the response function. The second test, not evaluated by Jani- NOTE.-Experiments 1 and 3 utilized the negative-skew low-mean (NSLM), positive-skew low-mean (PSLM), and negative-skew high-mean (NSHM) distributions, while experiment 2 utilized the normal and bimodal distributions. The stimuli for experiment 1 were airline ticket prices, and thus full price was $2,400. The stimuli for experiments 2 and 3 were prices for 2-liter bottles of cola, and thus full price was $1.80. After rating the contextual set of prices, subjects rated the five focal prices. The price frequency of the focal prices are shown in parentheses.
szewski and Lichtenstein (1999) , provides a complementary test to the first. Whereas test 1 manipulates the range in distributions with the same mean price, test 2 manipulates the mean in distributions with the same range of prices. After a discussion of the experimental methods, each test will be addressed separately.
Methods
Subjects. One hundred and ninety-four students received extra credit to participate in the experiment. Of these subjects, 62% were female. The mean in age was 22 years, with a standard deviation of 3.3 years and a range of 19 to 47 years. Insofar as the purpose of this research is to test competing explanations of psychological processes, data collected from college students is appropriate (Mook 1983) .
Design. The experimental design is a single betweensubjects factor with three levels of price distribution (negative-skew low-mean, positive-skew low-mean, and negative-skew high-mean). Table 1 provides the number of prices at each discount level and the mean discount of the price set. Although price discounts are discussed in order to provide a more managerially relevant dialogue, the experimental stimuli are prices, and therefore the designation of distribution skew is with respect to prices. Subjects evaluated prices at 20%, 25%, 30%, 35%, and 40% discounts after they evaluated the 20 prices shown in table 1. The first 20 prices were used to establish the context. The last five price judgments were used in the MANOVA and model fitting. The presentation order of the first 20 contextual prices was randomized for each subject to mitigate order effects. Similarly, the presentation order of the last five target prices was randomized.
Procedure. The experiment required a manipulation of internal reference price. This was accomplished by exposing subjects to brand prices over time. Consistent with the methods used by Wedell et al. (1990) and Kalwani and Yim (1992) , subjects were exposed to a series of stimuli (brand prices) presented sequentially on a computer screen. These prices were intended to simulate price evaluations over a number of purchase occasions. Each screen was intended to represent one purchase occasion. After exposure to each brand price, subjects were required to rate the attractiveness of that price.
The discount sizes were established based on previous research in which discounts ranged from 10% to 40% (Kalwani and Yim 1992), and from 10% to 60% (Janiszewski and Lichtenstein 1999) . To allow for enough price levels to manipulate discount distributions, the current research used 13 discount levels from 0% to 60% in increments of 5%. The 5% increment is consistent with the 6% "just noticeable difference" reported by Kalwani and Yim (1992, p. 96) , and with the 5% promotion definition employed by Rao, Arjunji, and Murthi (1995) . Twenty-five purchase occasions were selected in order to provide enough prices to manipulate the discount patterns, yet not so many as to cause subject fatigue.
This number is more than the 11 prices used by Janiszewski and Lichtenstein (1999) but far less than the 60 choice occasions used by Kahn and Louie (1990) and Alba et al. (1994) .
Experimental Materials. Airline ticket prices that are available to consumers in an electronic shopping environment was selected as the product category. As a large number of Web sites provide airline price information to consumers, the experimental paradigm would seem particularly relevant to price searches on the Internet. However, consumers may have existing internal reference prices for familiar airline tickets. To reduce the effect of previous price knowledge, a relatively complex airline ticket price was constructed. Specifically, subjects were provided airline ticket prices for a vacation that originated in the United States and made stops one week apart in London, Rome, Paris, Madrid, and Munich before returning to the United States. The range of prices selected for experiment 1 was intended to be representative of marketplace prices. To this end, a survey of airline ticket prices was conducted using a convenience sample of Web sites that were available on the Internet. Based on these data, the range of prices used in experiment 1 was from $2,400 (full price) to $960 (60% discount).
Measures. After exposure to ticket prices, subjects were asked to evaluate the price attractiveness on a ninepoint scale that was anchored by "a very attractive price" (1) and "a very unattractive price" (9). This measure is similar to the price attractiveness rating used by Janiszewski and Lichtenstein (1999) . The stimulus exposure time was self-paced to simulate the price elaboration time in electronic shopping environments. Nevertheless, response time was in-cluded as a potential covariate. The computer was used to measure unobtrusively the response time of each evaluation. After all prices were rated, a manipulation check was administered. Subjects were provided a list of nine prices ($2,400, $2,160, $2,040, $1,920, $1,800, $1,680, $1,560, $1,440, and $960) and were asked to identify the highest, lowest, and average prices in the experiment.
Preliminary Checks. The mean correlation between prices and ratings for all 194 subjects was .814. However, the nature of this scale appeared problematic for some subjects, as indicated by the near-zero or high-negative correlations. Apparently, some subjects reversed the measurement scale, while others did not seriously participate in the experiment. In an attempt to remove the systematic error resulting from incorrect scale usage, .50 was selected as a cutoff based on visual inspection of the data. With 19 subjects removed, the remaining 175 subjects had a mean correlation between prices and ratings of .908. Identical analyses were performed on the group consisting of all 194 subjects and on the more reliable group consisting of 175 subjects. The results are virtually identical in both groups. Consequently, only the results of the high-reliability subjects are reported. In addition, as response times did not significantly differ across distributions, the response time covariate is not included in the analysis reported here.
Manipulation Checks. The manipulation checks were evaluated in separate one-way ANOVAs. We expect large between-subject differences in price recognition when treatment conditions differ in high, low, or average prices. We also expect relatively small differences when treatment conditions do not differ in high, low, or average prices because of the effect of stimulus frequency on memory. In test 1, the range of the prices in the negative-skew low-mean and positive-skew low-mean conditions were manipulated. The price recognition of the range was significantly higher ( , , ) in the positive- , ) . As there are large differences M p $1,645 SD p $131.9 in the range and small differences in the mean, the manipulation was successful.
In test 2, the mean in the positive-skew low-mean and negative-skew high-mean conditions were manipulated. The mean price was significantly higher ( , F(1, 130) .000 h p .133 ( , ) than in the negative-skew high-M p $1,433 SD p $57.8 mean condition ( , ) . Again, the M p $1,494 SD p $96.4 large differences in the mean and the small differences in the range suggest that the manipulation was successful.
Test 1 Results

MANOVA.
After exposure to a set of brand prices, each of the theories competes in their predictions of consumer price judgments. The first test of the three contextual models employs a 2 (distribution: positive-skew low-mean, negative-skew low-mean) by 5 (discount size: 20%, 25%, 30%, 35%, and 40%) MANOVA with repeated measures on discount size. Because the midpoint of the price range is higher in the positive-skew low-mean distribution than in the negative-skew low-mean distribution, range theory and rangefrequency theory predict that ratings will be more attractive in the positive-skew low-mean distribution. In addition, because of the frequency effect, range-frequency theory predicts an interaction between price and distribution such that ratings in the negative-skew distribution will be convex, while ratings in the positive-skew distribution will be concave, with respect to attractiveness ratings. Because range theory does not account for frequency effects, range theory predicts no interaction. Finally, differences in discount distributions with the same mean cannot be explained by adaptation-level theory; thus, no differences were predicted between the ratings in the two distributions. A summary of the model predictions and the MANOVA findings are provided in table 2.
The mean attractiveness ratings, denoted by points, are plotted in figure 2. The critical tests are provided by the interaction between price and distribution, which is statistically significant ( Model Fitting. The models were fit to the data using least-squares iterative nonlinear regression. The overall mean attractiveness ratings were computed for the five focal prices in the positive-skew low-mean and negative-skew low-mean distributions. Thus, mean ratings for 10 prices were used to fit the models in test 1. Figure 2 provides the mean attractiveness ratings (A ik ) at each price level ($ ik ) within each distribution condition, or context k, and the model predictions. Additional details of the model fitting procedures are provided in the appendix. As previously discussed, all models were fit with and without the valuation function parameter. Constraining r to one isolates the separate effects of the competing integration functions that are of primary concern in this experiment by holding the valuation function constant across all models. Thus, the results are provided where r is constrained to one.
The results of the model fitting for test 1 are provided in table 3. As seen in table 3, all parameter estimates are significant at . As indicated by the R 2 values, both range p ! .01 theory and range-frequency theory fit the data very well. However, as seen by the relatively low R 2 values and the model prediction shown in figure 2, adaptation-level theory systematically does not fit the data. Adaptation-level theory cannot account for the main effect of distribution. Further, since the range model is nested within the range-frequency model and the weighting parameter, w, is statistically significant, the range-frequency model provides a better fit to the data than does the range model. This is because range theory cannot account for the nonlinear interaction between price and distribution.
Discussion. Similar to Janiszewski and Lichtenstein (1999) , test 1 compared contextual theories by manipulating the range in price distributions with the same mean. Using price judgments of five prices common to both distributions, both the MANOVA and model fitting results provide a clear interpretation of the data. Consistent with the conclusions of Janiszewski and Lichtenstein (1999) , range theory provides a better account of the test 1 data than does adaptationlevel theory. Thus, test 1 provides some support for the conclusion that the cognitive representation of reference price may include the two prices that define the range of the contextual set and not just the mean price. However, because Janiszewski and Lichtenstein (1999) measured only the mean price, the interaction between price and distribution could not be evaluated. Range theory cannot account for the nonlinear interaction in test 1. This interaction was correctly predicted by the frequency effect. Thus, test 1 provides support for range-frequency theory and the exemplar conceptualization of reference price. Predictions from the range-frequency theory (RFT) adhere closely to empirical points and reflect the contextual effects in both tests. Predictions from range theory (RT) capture basic effects in test 1 but not in test 2. Predictions from adaptation-level theory (ALT) capture basic effects in test 2 but not in test 1. Distributions were positive-skew low-mean (PSLM), negative-skew low-mean (NSLM), and negative-skew high-mean (NSHM).
Test 2 Results
MANOVA. The second test of the three contextual models employs a 2 (distribution: positive-skew low-mean, negative-skew high-mean) by 5 (discount size: 20%, 25%, 30%, 35%, and 40%) MANOVA with repeated measures on discount size. Because the mean price is higher in the negativeskew high-mean distribution than in the positive-skew lowmean distribution, adaptation-level theory and rangefrequency theory predict that ratings will be more attractive in the negative-skew high-mean distribution. In addition, because of the frequency effect, range-frequency theory predicts an interaction between price and distribution such that the positive-skew distribution will be concave, while the negative-skew distribution will be linear, with respect to attractiveness ratings. Because adaptation-level theory is a linear model, it cannot account for nonlinear frequency effects. Finally, as differences in discount distributions with the same range cannot be explained by range theory, no differences were predicted between the ratings in the two distributions. A summary of the model predictions and the MANOVA findings are provided in table 2.
The mean attractiveness ratings, denoted by points, are plotted in figure 2. The critical test is provided by the interaction between price and distribution, which is statistically significant ( Model Fitting. The overall mean attractiveness ratings were computed for the five focal prices in the positive-skew low-mean and negative-skew high-mean distributions and were used to fit the models in test 2. Figure 2 provides the mean attractiveness ratings and the model predictions. The results of the model fitting for test 2 are provided in table 3. Except as noted, all parameter estimates are significant at . As indicated by the R 2 values, both adaptationp ! .01 level theory and range-frequency theory fit the data very well. However, as seen by the low R 2 values and the model prediction in figure 2, range theory systematically does not fit the data. That is, range theory cannot account for the main effect of distribution. In addition, since the range model is nested within the range-frequency model and the weighting parameter, w, is statistically significant, the rangefrequency model provides a better fit to the data than does the range model. NOTE.-The parameter estimates are the power function exponent, r ; the range-frequency theory weighting parameter, w; the adaptation-level theory intercept, a; and the slope, b; the range theory estimates for the minimum value in the high-price range, $ min, hi ; the maximum value in the high-price range, $ max, hi ; the minimum value in the low-price range, $ min, lo ; and the maximum value in the low-price range, $ max, lo . a Except as indicated by superscript, all parameter estimates are significant at .
Discussion. Test 2 provides the complementary condition to test 1 by manipulating the mean in price distributions while holding the range constant. As expected, adaptationlevel theory provided a better account of the data than did range theory because the distribution main effect cannot be explained by differences in the distribution range. The MAN-OVA results provided evidence that the interaction and main effects were significant and displayed the pattern predicted by range-frequency theory. Also as expected, adaptation-level theory was partially supported through the predicted main effect, but it could not account for the observed interaction. Further analysis of the models indicated that both the adaptation-level and range-frequency models provide good fits to the data. As expected, the range model fit was poor. Thus, test 2 provides additional support for range-frequency theory and the exemplar conceptualization of reference price.
EXPERIMENT 2
Test 1 evaluated price judgments where the distribution mean was held constant, while test 2 evaluated price judgments where the distribution range was held constant. Experiment 2 extends experiment 1 by holding both the range and mean constant. This test is similar to the procedure used by Birnbaum (1974) in testing contextual theories with numbers rather than prices. Although range theory was not tested, Birnbaum (1974) found that range-frequency theory provided a better account of judgments of numbers than did adaptation-level theory. Experiment 2 also extends experiment 1 by testing whether a prototype or an exemplar model of reference prices provides a better account of consumer price judgments. Finally, experiment 2 generalizes the previous experimental findings to a different product category.
Methods
Subjects. One hundred and fifty-three students received extra credit for participating in the experiment. Of these subjects, 51% were female. The mean age of subjects was 22 years, with a standard deviation of 3.5 years and a range of 18 to 43 years.
Materials and Procedure.
A 2-liter bottle of carbonated beverage was selected as the product category for the following reasons: first, price distributions of many grocery items in high-low promotional stores (i.e., not everday lowprice stores) are bimodal (Raju, Srinivasan, and Lal 1990; Rao et al. 1995; Villas-Boas 1995) . Second, grocery items were used in the experiment by Janiszewski and Lichtenstein (1999) . Finally, carbonated beverages are purchased frequently and have considerable variability in price over time and across brands and stores.
The procedure was similar to the first experiment with the following exceptions: first, because the range was not manipulated between subjects, less discount depth was required. Thus, price discounts ranged from 0% to 50% rather than from 0% to 60%. Second, additional contextual prices were required to create the modality manipulation. Thus, 22 prices rather than 20 prices were used in the contextual set. Again, the range of prices were intended to be representative of marketplace prices. To this end, a survey of grocery store prices of 2-liter bottles of carbonated beverages was conducted using a convenience sample of local grocery stores. Based on these data, the range of prices used in experiment 2 was from $1.80 (full price) to $.90 (50% discount).
Design and Measures.
The prototype representation can be tested by manipulating the modality in price sets with the same range and mean. Therefore, we used a one-factor, between-subjects design with two levels of price distribution (normal and bimodal). Judgments of prices at 5%, 15%, 25%, 35%, and 45% discounts were taken after the 22 prices shown in table 1. To mitigate order effects, the presentation order of the first 22 prices was randomized for each subject. Similarly, the presentation order of the last five target prices was randomized. Because the mean and range were the same in these two conditions, the manipulation measures from experiment 1 were not used.
Preliminary Checks. The overall correlation between prices and ratings for the 153 subjects in experiment 2 was .836. Consistent with experiment 1, the lowest acceptable correlation was set at .50. Consequently, 12 subjects were removed from the sample. The remaining 141 subjects had a mean correlation between prices and ratings of .887. Identical analyses were performed on two groups, one consisting of all 153 subjects and the other consisting of the 141 subjects in the high-reliability group. The conclusions of both groups are the same. Thus, only the results of the highreliability subjects are reported here. Further, since there were no effects of response latencies in experiment 2, the results reported here do not include the response time covariate.
Results
MANOVA.
The analysis of the three contextual models employs a 2 (distribution: normal, bimodal) by 5 (discount size: 5%, 15%, 25%, 35%, and 45%) MANOVA with repeated measures on discount size. Given a bimodal and a normal distribution of prices with the same range and mean, adaptation-level theory and range theory predict no differences between these two distributions for price judgments of any stimulus value. In contrast, range-frequency theory predicts an interaction between distribution and price and no main effect resulting from distribution. More specifically, compared with the bimodal distribution, ratings in the normal distribution are predicted to be more attractive for prices between the mean price and the lowest price in the contextual set, and less attractive for prices between the mean price and the highest price in the contextual set.
The mean attractiveness ratings, denoted by points, are plotted in figure 3 . As predicted by all three theories, the main effect of distribution was not significant ( , F(1, 139) Model Fitting. The overall mean attractiveness ratings were computed for the five focal prices in the normal and bimodal distributions and were used to fit the models in experiment 2. Figure 3 provides the mean attractiveness ratings and the model predictions. All procedures are identical to those used in experiment 1. However, the results reported here are for the set of models that allows for the estimation of the valuation function parameter. As the range of the focal prices extend from 5% to 45%, versus from 20% to 40% in experiment 1, the effect of the valuation function becomes more pronounced. Thus, the fully specified models are reported because the better fitting models are more easily interpreted in figure 3 . As before, allowing r to be a free parameter does not change the conclusions.
The results of the model fitting for experiment 2 are provided in table 3. Except as noted, all parameter estimates are significant at . In the models, Ϫr can be interp ! .01 preted as , where the positive relationship between Ϫr S p Ϫ$ ratings and stimuli is maintained by the sign of the linear parameter estimates. As indicated by the R 2 values, all of the models fit the data very well. Since the midpoint of the range and the mean are in the same location in these two price sets, the adaptation-level and range models provide identical fits to the data. However, as seen in figure 3, range theory and adaptation-level theory systematically misfit the data because these two theories cannot account for the interaction between price and distribution. As the range model is nested within the range-frequency model and the weighting parameter is statistically significant, the range-frequency theory provides a better fit to the data than does range theory.
Discussion
Manipulating the modality of the two price sets was used to test the representation of reference price. As the two distributions share the same range and mean, range theory and adaptation-level theory predict no differences in the attractiveness ratings between these two price sets. However, range-frequency theory predicts an interaction between price and distribution. The hypotheses were evaluated using two separate methods. In the MANOVA framework, the interaction between price and distribution was both significant and in the direction predicted by range-frequency theory. Model fitting showed that range-frequency theory provides a significantly better fit to the data than range theory and is the only model that can account for the crossover effect. Neither range theory (RT) nor adaptation-level theory (ALT) predicts any differences in ratings for the two distributions. Range-frequency theory (RFT) predicts the contextual effect.
Thus, range-frequency theory was supported, while adaptation-level theory and range theory were not.
EXPERIMENT 3
The results of the first two experiments strongly support the idea that consumers may use an exemplar representation of reference price when price judgments are based on internal reference prices. One possible criticism of the procedure used in the first two experiments is that subjects were forced overtly to rate each price in the contextual set, one price at a time. Although consumers may evaluate a number of prices in relatively short duration in an electronic shopping environment, there are a number of situations in which this is clearly not the case. The forced judgment task may map prices to overt categories, resulting in an increased frequency effect. To mitigate this issue in experiment 3, attractiveness ratings were not collected for the prices in the contextual set.
A second issue concerns situations in which consumers use external reference prices in a price judgment task. The presentation conditions in experiment 3 were intended to represent price judgments using either external or internal reference prices. As stated in hypotheses 2 and 3, we predicted that subjects will give more weight to the range when price judgments are memory based than when price judgments are stimulus based. As a result, the affect of distribution on price judgments, as well as the model fits, are expected to be moderated by the stimulus presentation condition.
Although experiment 3 provides an additional test of competing contextual theories, the primary purpose is to test hypotheses 2 and 3. The hypotheses were tested in a number of ways. First, we evaluated the attractiveness ratings and response times in a MANOVA framework. Second, we evaluated the price recognition data using cross-tabulations. Finally, we fit the three contextual models to the data using the same procedure as in the previous experiments.
Methods
Subjects and Materials. Two hundred and eightyseven students received extra credit for participating in the experiment. Of these subjects, 56% were female. The mean age of subjects was 22.5 years, with a standard deviation of 4.5 years and a range of 19 to 49 years. As in experiment 2, carbonated beverages was selected as the product category.
Design and Procedure. Subjects were randomly assigned in a 3 (price distribution: negative-skew low-mean, positive-skew low-mean, and negative-skew high-mean) by 2 (stimulus presentation: sequential and simultaneous) between-subjects design. The discount distributions were the same as in experiment 1. Thus, the range of cola prices used in experiment 3 was from $1.80 (full price) to $.72 (60% discount). Subjects were exposed to a total of 25 prices, as shown in table 1. The presentation order of the 20 contextual prices was randomized for each subject to mitigate order effects. Similarly, the presentation order of the five focal prices, evaluated at 20%, 25%, 30%, 35%, and 40% discounts, was also randomized.
In contrast to the previous experiments, attractiveness ratings were not measured for the 20 contextual prices. The sequential presentation procedure was the same as the one used in the first two experiments, with subjects exposed to the 25 prices, one at a time. However, in the simultaneous presentation condition, subjects were provided with all the prices at the same time. Specifically, they were presented with five computer screens, one for each focal price. Each screen provided subjects with the 20 contextual prices and one randomly selected focal price. The measures were the same as in experiment 1.
Preliminary Checks. The overall correlation between prices and ratings for the 287 subjects in experiment 3 was .689. As before, the lowest acceptable correlation was set at .50. Consequently, 44 subjects were removed from the sample. The remaining 243 subjects had a mean correlation between prices and ratings of .887. Identical analyses were performed on two groups, one consisting of all 287 subjects and the other consisting of the 243 subjects in the highreliability group. The conclusions of both groups are the same. Thus, only the results of the high-reliability subjects are reported here.
Manipulation Checks. As in experiment 1, the range of the prices in the negative-skew low-mean and positiveskew low-mean conditions were manipulated. The price recognition of the range was significantly higher ( , , ) in the positive- Similarly, as in experiment 1, the mean of the prices in the positive-skew low-mean and negative-skew high-mean conditions were manipulated. The average price was significantly higher ( 
Results
MANOVA. The hypotheses were tested in a 3 (distribution: negative-skew low-mean, positive-skew low-mean, negative-skew high-mean) by 2 (stimulus presentation: sequential, simultaneous) by 5 (discount size: 20%, 25%, 30%, 35%, and 40%) MANOVA with repeated measures on discount size. The dependent variables were response times and attractiveness ratings for the five focal prices. If subject evaluations consider only the high and low prices, ratings should not differ between the negative-skew high-mean and positive-skew low-mean conditions. Conversely, if subject evaluations consider only the mean price, ratings should not differ between the negative-skew low-mean and positiveskew low-mean conditions. As shown in figure 4 , there is a significant interaction between distribution and presentation condition on attractiveness ratings ( , F(2, 237) p 5.64 , ). Mean ratings, denoted by lines in 2 p p .004 h p .045 figure 4, in the positive-skew low-mean and negative-skew high-mean conditions are more similar in the sequential condition than in the simultaneous condition. On the other hand, mean ratings in the positive-skew low-mean and negativeskew low-mean conditions are more similar in the simultaneous condition than in the sequential condition. Thus, relative to each other, subjects in the simultaneous presentation condition place more weight on the mean, while subjects in the sequential presentation condition place more weight on the range of reference prices. The previous finding suggests that subjects are comparing the focal price against more contextual prices in the simultaneous presentation condition than in the sequential presentation condition. If this were the case, we would expect price judgments to take longer in the simultaneous condition. Confirmation of this process is provided by the significant main effect of presentation condition on response times in the repeated measures MANOVA ( , F(1, 237) p 74.56 , ) . Specifically, response times were sig-2 p p .000 h p .239 nificantly longer for subjects in the simultaneous presentation condition ( secs., ) than for M p 11.048 SD p 4.606 subjects in the sequential presentation condition (M p secs., ). Thus, both the attractiveness rat-6.570 SD p 2.624 ings and response times provide support for hypotheses 2 and 3.
Price Recognition. We have argued that, relative to subjects in the simultaneous presentation condition, subjects in the sequential presentation condition place more weight on high and low prices because these extreme values are more salient than other less-available reference prices. If this were true, then price recognition for high and low prices (1) to very unattractive (9). The significant interaction between distribution and presentation condition indicates that, relative to each other, range effects are stronger in the sequential presentation condition (Seq) and frequency effects are stronger in the simultaneous presentation condition (Sim). Predictions from the range-frequency theory (RFT) adhere closely to empirical lines. Predictions from adaptation-level theory (ALT) and range theory (RT) do not fit the data. Distributions were negative-skew low-mean (NSLM), positive-skew low-mean (PSLM), and negative-skew high-mean (NSHM).
should be better for subjects in the sequential rather than in the simultaneous condition. To test this proposition, responses for high and low price recognition used for the manipulation check were recoded into correct and incorrect categories. As expected, subjects were more likely to recognize the high price correctly in the sequential presentation condition (86.2%) than in the simultaneous presentation condition (72.5%), and this difference is statistically significant ( , ). Also as expected, subjects were 2 x p 6.95 p p .008 more likely to recognize the low price correctly in the sequential presentation condition (91.9%) than in the simultaneous presentation condition (80.0%), and this difference is statistically significant ( , ). Thus, the 2 x p 7.11 p p .008 price recognition data provide additional support for hypotheses 2 and 3.
Model Fitting. The model fitting procedure used in experiment 3 was the same one that was used in the previous experiments, except that ratings from three distributions were used rather than two. The overall mean attractiveness ratings were computed for the five focal prices in the negative-skew low-mean, positive-skew low-mean, and negative-skew high-mean distributions. Thus, mean ratings for 15 prices were used to fit the models in each presentation condition. Consistent with experiment 1, the valuation parameter was constrained to one. As before, allowing r to be a free parameter does not change the conclusions. The results of the model fitting for experiment 3 are provided in table 3. All parameter estimates are significant at . p ! .01 Each contextual model differs in its operationalization of reference prices. If hypotheses 2 and 3 are correct, each model will be affected by the presentation condition. Because adaptation-level theory is heavily influenced by frequency effects, hypothesis 2 suggests that adaptation-level theory should fit better in the simultaneous presentation condition than in the sequential presentation condition. As shown in table 3, the adaptation-level model R 2 value is higher in the simultaneous presentation condition (.904) than in the sequential presentation condition (.729). It is also clear from figure 4 that adaptation-level theory fits the data better in the simultaneous presentation condition, providing additional support for hypothesis 2.
In contrast, range theory considers only the high and low prices. Consequently, hypothesis 3 predicts that range theory should fit better in the sequential presentation condition than in the simultaneous presentation condition. As shown in table 3, the range model R 2 value is higher in the sequential presentation condition (.959) than in the simultaneous presentation condition (.792). It is clear from figure 4 that range theory fits the data better in the sequential presentation condition, providing further support for hypothesis 3.
In range-frequency theory, w describes the relative weight given to the range and frequency principle. As the weighting parameter approaches the theoretical limit of one, rangefrequency theory approaches range theory. While, the model fit is not expected to be affected by the presentation condition, hypotheses 2 and 3 suggest that the weighting parameter will be moderated by the presentation condition. As shown in table 3 and figure 4, range-frequency theory provides excellent fits in both presentation conditions. As expected, the weighting parameter is significantly higher ( , ) in the sequential presentation cont p 10.85 p p .000 dition ( , ) than in the simultaneous w p .755 SE p .0209 presentation condition ( , ) . Thus, the w p .447 SE p .0359 presentation condition moderates the weighting parameter in the range-frequency model, providing additional support for hypotheses 2 and 3.
Discussion
Hypotheses 2 and 3 were tested using measures of price attractiveness, response time, and price recognition. The analysis provides empirical evidence that subjects in the sequential presentation condition took less time to evaluate the focal prices and were more likely to identify the highest and lowest prices correctly than were subjects in the simultaneous condition. These data are consistent with the ideas that subjects in the sequential presentation condition compared the focal price to fewer prices and that the most salient prices were the highest and lowest prices in the contextual set. In addition, the MANOVA provides evidence that attractiveness ratings are affected by the interaction between distribution and stimulus presentation condition. Consequently, the fit of the contextual models was moderated by the presentation condition. Taken together, these data provide strong evidence that price contexts, and thus judgments, are moderated by the processing environment. Specifically, subjects in the sequential presentation condition place more weight on extreme values in the contextual set. As a result, range effects are stronger in the sequential presentation condition, and frequency effects are stronger in the simultaneous presentation condition.
GENERAL DISCUSSION
The purpose of this research was to provide a better understanding of the cognitive representation of reference prices and of how these prices are used by consumers in a price judgment task. To address these questions, Volkmann's (1951) range theory, Parducci's (1965) range-frequency theory, and Helson's (1947 Helson's ( , 1964 adaptation-level theory were pitted against each other under a number of experimental conditions. The results of these experiments provide a number of theoretical contributions.
Reference Prices
As previously discussed, each contextual model conceptualizes reference price differently. Thus, support for one model provides evidence in favor of the assumed reference price representation. The prototype (adaptation-level theory) and range (range theory) conceptualizations were inconsistent with the data in experiment 1 and could not explain the effects of price distribution in experiment 2. Over a number of experimental conditions, range-frequency theory provided the best account of the data, which supported the idea that consumers store, retrieve, and use a rich array of price information in the process of generating price judgments. Consumers not only have a sense of the range but also of the relative frequencies of prices they have encountered. The distributional effects of price on judgments are consistent with an exemplar model of reference price.
While the cognitive representation of reference price appears to be exemplar based, not all exemplars in the relevant price set appear to be equally important in price judgment. The observation of high values of the range weighting in some conditions suggests that the two prices defining the range may at times explain the majority of reference price effects. Furthermore, the weight given to the reference prices appears to depend on how these are experienced. We have argued here that range values are salient and thus more easily retrieved from memory (Fiske and Taylor 1991; Tversky and Kahneman 1973) . Intermediate values, on the other hand, while readily available in the simultaneous condition, may not be as easily retrieved in the sequential condition. Thus, prices defining the range receive greater weight in the sequential presentation condition than in the simultaneous condition. These data suggest that, relative to each other, the range values of internal reference prices are more heavily weighted and the intermediate values of external reference prices are more heavily weighted.
Support for hypotheses 2 and 3 may provide a number of implications to reference price researchers. For example, Mazumdar and Papatla (2000) find that the weight given to internal and external reference prices may vary by product category. This finding underscores the need to consider range and frequency effects in the operationalization of reference prices in choice models. One implication for brand choice modelers is that internal reference price may need to include a range component in addition to the exponentially weighted model that is often suggested (Briesch et al. 1997; Jedidi, Mela, and Gupta 1999) . In addition, hypotheses 2 and 3 may suggest an additional mechanism for some of the effects reported by Alba and his colleagues. Alba et al. (1994) found that discount frequency had a stronger effect on price perceptions than did discount depth in a number of experiments when the stimulus presentation mode was predominantly simultaneous. On the other hand, Alba et al. (1999) found the reverse was typically true when prices were presented sequentially. The findings here suggest that the stimulus complexity explanation provided by Alba et al. (1999) may be moderated by the stimulus presentation condition.
Applicability of Contextual Models
While range-frequency theory provided the most robust explanation for the experiments conducted here, there were conditions in which adaptation-level theory and range theory provided very good accounts of the data. In reference price sets containing only one or two values, all three models will provide the same fit. Further, all three models will provide similar fits in larger reference price sets when the mean and the midpoint of the contextual range are the same. One exception to this statement was demonstrated in experiment 2, in which adaptation-level theory and range theory could not account for differences in distribution modality. In addition, adaptation-level theory may provide a relatively good explanation of price perceptions that are dominated by frequency effects, such as was found with external reference prices. In contrast, range theory may provide a relatively good explanation of price perceptions that are dominated by range effects, such as was found for internal reference prices.
Future Research
This research has investigated reference price effects in a laboratory setting. However, it is not clear how many reference price categories consumers use in evaluating price (Kalyanaram and Winer 1995) . Winer (1988) has argued that there may be as many as eight types of reference prices. Consumers may use multiple reference prices in a single judgment. Multiple reference price categories suggest that consumers may make multiple evaluations, which are eventually integrated into a single price judgment of the brand. Alternately, multiple reference price categories could be integrated into a single category against which a single evaluation is made. Given the use of multiple reference price types, it is not clear when integration of this information occurs. Providing an understanding of the timing of integration is an interesting avenue for future research.
In addition, a better understanding of the cognitive representation of reference price is needed. This experiment suggests that reference price may be more accurately represented as a set of exemplars rather than how it is represented in the current prototype view. However, it may be possible to explain these data with other reference price conceptualizations, such as an exemplar-prototype hybrid. More generally, the values in the context at the time of the evaluation are important since they will determine the price judgment. For example, assume that a consumer has purchased a product over a 10-year period. Although the consumer may encode all 10 years of prices, it unlikely that all 10 years of prices are retrieved at the time of the evaluation. It seems reasonable to expect that some prices are more salient than others. Perhaps the context is set by the high and low prices, which are more easily retrieved, along with some subset of the more available prices.
